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Letters
Bismuth triflate catalyzed condensation of d-hydroxy-a,
b-unsaturated aldehydes with aryl amines
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Abstract—a,b-Unsaturated aldehydes bearing a d-hydroxyl group undergo a tandem Michael and intramolecular Friedel–Crafts
type cyclization with arylamines in the presence of 5mol% of Bi(OTf)3 under mild conditions to afford a new class of chiral tetra-
hydroquinolines in good yields with high stereoselectivity. Structural assignments and the stereochemistry of the products was
achieved using various 1D and 2D-NMR experiments.
� 2003 Elsevier Ltd. All rights reserved.
The tetrahydroquinoline moiety is a core structure in
various natural products and synthetic pharmaceuti-
cals.1 The pyranoquinoline framework is present in
many alkaloids2 such as flindersine, oricine and vepri-
sine and derivatives of these alkaloids possess a wide
range of biological activities such as psychotropic,
antiallergic, anti-inflammatory and estrogenic activi-
ties.3 High catalytic activity, low toxicity, moisture and
air tolerance and their recyclability make lanthanide
triflates attractive alternatives to conventional Lewis
acids.4 Recently, bismuth triflate has evolved as a
remarkable Lewis acid catalyst for effecting various
organic transformations.5 Compared to lanthanide tri-
flates, bismuth triflate is inexpensive and easy to prepare
even on multi-gram scale in the laboratory from com-
mercially available bismuth oxide and triflic acid.6
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In this report, we describe a novel route for the synthesis
of enantiopure tetrahydroquinolines in a one-pot oper-
ation using a catalytic amount of bismuth triflate under
mild conditions (Scheme 1).

Thus treatment of enantiopure 4,6-di-O-acetyl-2,3-di-
deoxy-aldehydo-DD-erythro-trans-hex-2-enose7 2a with
aniline in the presence of 5mol% of Bi(OTf)3 in aceto-
nitrile at 80 �C afforded tetrahydroquinoline 3a in 80%
yield.8 The product 3a was characterized by using vari-
ous NMR experiments such as double quantum filtered
correlation spectroscopy (DQFCOSY), nuclear Over-
hauser effect spectroscopy (NOESY), hetero nuclear
single quantum correlation spectroscopy (HSQC) and
3JCH optimized HMBC experiments. The edited HSQC
spectrum showed the presence of two methylene groups
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Figure 1. NOEs and chemical structure of 3a.
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in addition to eight methine and two methyl groups. The
location of a methylene on the bridge of the bicyclo-
nonene like structure was confirmed by the presence of
small couplings between the bridge protons H2 and
the bridgehead protons H1 and H3 J1H–2H ¼ 3:7Hz,
J1H–2H ¼ 1:8Hz, J2H–3H ¼ 2:4Hz, and J2H–3H ¼ 4:6Hz.
Fusion of the bicyclononene and the aromatic ring at
C11–NH was confirmed by an NOE between H1 and
H12. Further support for the structure came from
HMBC peaks between H1–C12, H1–C11, H1–C16 and
H12–C1. The two six-membered rings of the bicyclo-
nonene moiety have two different conformations. The
one containing oxygen takes a chair form whereas the
other ring with nitrogen and fused to the aromatic ring
exists in a half chair form. HMBC peaks between H2–
C11 and H2–C4 are consistent with the structure. The
large coupling constant value of JH4�H5 ¼ 10:4Hz and
the NOESY cross peak between H2–H4 further support
the chair form for the ring containing these protons. The
ring current effect due to the aromatic ring causes high
field chemical shifts of H2 (d ¼ 1:96 ppm) and H5

(d ¼ 3:58 ppm) (Fig. 1).

Encouraged by the results obtained with aniline, we
turned our attention towards various arylamines and d-
Table 1. Bi(OTf)3-catalyzed synthesis of benzo-fused heterobicycles

Entry Aryl amine a,b-unsaturated
aldehyde

CH

OR'

OH
R'O

R
R

R NH2

+1

2

1a R¼R1 ¼R2 ¼H R0 ¼Ac

1b R¼Me; R1 ¼R2 ¼H R0 ¼Ac

1c R¼R1 ¼H; R2 ¼F R0 ¼Ac

1d R¼R1 ¼H; R2 ¼Cl R0 ¼Ac

1e R¼R2 ¼Cl; R1 ¼H R0 ¼Ac

1f R¼R2 ¼H; R1 ¼Me R0 ¼Ac

1g R¼H; R1 ¼Cl; R2 ¼F R0 ¼Ac

1h R¼R1 ¼H; R2 ¼Ph R0 ¼Ac

1i R¼CN; R1 ¼R2 ¼H R0 ¼Ac

1j R¼R2 ¼F; R1 ¼H R0 ¼Ac

1k R¼R1 ¼H; R2 ¼Br R0 ¼Ac

1l R¼R1 ¼H; R2 ¼Me R0 ¼Ac

1m R¼Br; R1 ¼H; R2 ¼Me R0 ¼Ac

1n R¼R1 ¼R2 ¼H; R0 ¼Me

1o R¼R1 ¼H¼R2 ¼H R0 ¼Bn

a Products were characterized by 1H NMR, 13C NMR, IR and mass spectro
bYield refers to pure products after chromatography.
c Regioisomeric ratio (7:3) determined by 1H NMR.
hydroxy-a,b-unsaturated aldehydes. Interestingly, a
variety of aryl amines including mono-, di- and trisub-
stituted anilines reacted efficiently with 2a under similar
conditions to afford the corresponding benzo-fused
heterobicycles in fairly good yields. Other substituted
d-hydroxy-a,b-unsaturated aldehydes such as methoxy-
and benzyloxy derivatives also gave similar results
(entries n and o, Table 1). However, ortho-hydroxy
trans-cinnamaldehyde and aniline did not give the
desired product under the reaction conditions. Fur-
thermore, simple a,b-unsaturated aldehydes without a d-
hydroxyl group did not yield a bicyclic adduct. The
reaction proceeded only with d-hydroxy-a,b-unsatu-
rated aldehydes. The probable mechanism seems to be
the addition of the aniline to the unsaturated position of
the conjugated aldehyde, which is activated by the bis-
muth triflate. Thus the initially formed Michael adduct
may undergo a Friedel–Crafts type intramolecular
cyclization leading to the formation of the chiral tetra-
hydroquinoline (Scheme 2).

The method is highly stereoselective affording novel
heterobicycles under mild reaction conditions. The effi-
cacy of various metal triflates such as In(OTf)3,
Ce(OTf)3, Sc(OTf)3, Yb(OTf)3 and Bi(OTf)3 was studied
for this conversion. Among the various metal triflates,
Bi(OTf)3 was found to be the most effective catalyst
in terms of conversion. For instance, treatment of 4,6-
di-O-acetyl-2,3-dideoxy-aldehydo-DD-erythro-trans-hex-2-
enose 2a with aniline in the presence of 5mol% Bi(OTf)3
and 5mol% In(OTf)3 for 3 h afforded 80% and 65%
yields, respectively. The scope and generality of this
process is illustrated with respect to various aryl amines
and a,b-unsaturated aldehydes and the results are pre-
sented in Table 1.9 It is important to mention that this
Producta Reaction time (h) Yield (%)b
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3a 5.0 80

3b 4.0 86

3c 6.0 79

3d 5.0 85

3e 6.0 80

3f 5.0 83c

3g 6.5 78

3h 6.0 82

3i 7.0 70

3j 6.5 75

3k 6.0 80

3l 4.5 85

3m 5.5 77

3n 5.0 79

3o 6.0 72

scopy.
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procedure works well only with aryl amines and is not
suitable for alkyl amines.

In summary, we disclose a novel protocol for the syn-
thesis of sugar derived chiral tetrahydroquinolines from
d-hydroxy-a,b-unsaturated aldehydes and aryl amines
using a catalytic amount of Bi(OTf)3 under mild reac-
tion conditions. This method is quite simple and
straightforward and constructs unusual benzo-fused
heterobicycles in a single-step operation.
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3a: Liquid, ½a�25D 95.5� (c ¼ 1:0, CHCl3),

1H NMR
(500MHz, CDCl3): d 7.16 (dt, J ¼ 1:5, 7.9 1H, H13),
7.13 (dd, J ¼ 1:5, 7.9 1H, H15), 6.69 (dt, J ¼ 1:5, 7.9, 1H,
H14), 6.61 (dd, J ¼ 1:5, 7.9, 1H, H12), 4.84 (dd, J ¼ 3:1,
10.4, 1H, H4), 4.81 (dd, J ¼ 1:8, 3.7, 1H, H1), 4.44 (br s,
1H, NH), 4.19 (dd, J ¼ 4:2, 12.0, 1H, H6), 3.99 (dd,
J ¼ 2:2, 12.0, 1H, H60), 3.84 (ddd, J ¼ 2:4, 3.1, 4.6, 1H,
H3), 3.58 (ddd, J ¼ 2:1, 4.2, 10.4, 1H, H5), 2.29 (ddd,
J ¼ 2:4, 3.7, 13.2, 1H, H2pro-R), 2.10 (s, 3H, CH3-10), 2.06
(s, 3H, CH3-8), 1.96 (ddd, J ¼ 1:8, 4.6, 13.2, 1H, H2pro-S).
13C NMR (proton decoupled, 75MHz, CDCl3): d 170.8
(C7), 169.8 (C9), 145.0 (C11), 130.5 (C15), 129.9 (C13),
118.8 (C16), 117.2 (C14), 112.9 (C12), 71.8 (C4), 68.5 (C1),
67.4 (C5), 63.0 (C6), 46.6 (C3), 27.9 (C2), 21.0 (C10), 20.7
(C8). IR (KBr): mmax: 3427, 2935, 2857, 1730, 1607, 1461,
1365, 1257, 1098, 835 cm�1. FAB Mass: 305M,þ 259, 191,
144, 130, 119, 91, 69, 57. HRMS calcd for C16H19NO5:
305.1263. Found: 305.1275. 3b: Liquid, ½a�25D 83.7� (c ¼ 0:8,
CHCl3),

1H NMR (500MHz, CDCl3): d 6.98–6.95 (m,
2H), 6.60 (t, J ¼ 7:9Hz, 1H,), 4.82 (dd, J ¼ 3:2, 10.5Hz,
1H), 4.78 (dd, J ¼ 1:7, 3.8Hz, 1H), 4.22 (dd, J ¼ 4:2, 12.0,
1H), 4.20 (br s, 1H, NH), 3.95 (dd, J ¼ 2:1, 12.0, 1H), 3.90
(ddd, J ¼ 2:4, 3.2, 4.5Hz 1H), 3.55 (ddd, J ¼ 2:1, 4.2,
10.5Hz, 1H), 2.30 (ddd, J ¼ 2:4, 3.7, 13.0Hz, 1H), 2.15 (s,
3H), 2.10 (s, 3H), 2.05 (s, 3H), 1.95 (ddd, J ¼ 1:7, 4.5,
13.0Hz, 1H). 13C NMR (proton decoupled, 75MHz,
CDCl3): d 170.9, 169.9, 143.0, 130.8, 128.4, 120.1, 118.4,
116.8, 71.7, 68.8, 67.3, 63.1, 46.9, 29.6, 27.9, 21.0, 20.8. IR
(KBr): mmax: 3422, 2931, 2858, 1734, 1604, 1472, 1367,
1254, 1093, 837 cm�1. FAB Mass: 319 M,þ 281, 207, 158,
144, 105, 91, 73, 57. HRMS calcd for C17H21NO5:
319.1419. Found: 319.1427. 3c: Liquid, ½a�25D 67.1�
(c ¼ 0:75, CHCl3),

1H NMR (500MHz, CDCl3): d 6.78–
6.90 (m, 2H), 6.45–6.50 (m, 1H), 4.80 (dd, J ¼ 3:1,
10.5Hz, 1H), 4.70 (dd, J ¼ 1:8, 3.8Hz, 1H), 4.30 (br s,
1H, NH), 4.20 (dd, J ¼ 4:2, 12.0Hz, 1H), 3.90 (dd,
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J ¼ 2:1, 12.0Hz, 1H), 3.80 (ddd, J ¼ 2:5, 3.1, 4.5Hz, 1H),
3.50 (ddd, J ¼ 2:1, 4.2, 10.3Hz, 1H), 2.25 (ddd, J ¼ 2:5,
3.8, 13.1Hz, 1H), 2.10 (s, 3H), 2.0 (s, 3H), 1.95 (ddd,
J ¼ 1:8, 4.5, 13.1Hz, 1H). 13C NMR (proton decoupled,
75MHz, CDCl3): d 170.3, 169.4, 156.9, 141.1, 119.6, 117.2,
116.9, 113.9, 71.7, 68.1, 67.7, 62.9, 46.7, 27.9, 21.0, 20.8.
IR (KBr): mmax: 3356, 2961, 1733, 1505, 1260, 1040,
809 cm�1. FAB Mass: 323 M,þ 267, 221, 191, 147, 133, 73.
HRMS calcd for C16H18FNO5: 323.1169. Found:
323.1157. 3k: Liquid, ½a�25D 169.2� (c ¼ 1:5, CHCl3),

1H
NMR (500MHz, CDCl3): d 7.10–7.20 (m, 2H), 6.50 (d,
1H, J ¼ 8:1Hz), 4.80 (dd, J ¼ 3:2, 10.5Hz, 1H), 4.70 (dd,
J ¼ 1:8, 3.8Hz, 1H), 4.40 (br s, 1H, NH), 4.25 (dd,
J ¼ 4:2, 12.0Hz, 1H), 4.10 (dd, J ¼ 2:1, 12.0Hz, 1H), 3.90
(ddd, J ¼ 2:5, 3.2, 4.5Hz, 1H), 3.80 (ddd, J ¼ 2:1, 4.2,
10.3Hz, 1H), 2.30 (ddd, J ¼ 2:5, 3.8, 13.0Hz, 1H), 2.10 (s,
3H), 2.04 (s, 3H), 1.90 (ddd, J ¼ 1:8, 4.5, 13.0Hz, 1H). 13C
NMR (proton decoupled, 75MHz, CDCl3): d 170.8,
169.8, 143.9, 132.8, 132.6, 129.1, 120.6, 114.6, 71.5, 68.0,
67.5, 62.9, 46.5, 27.5, 20.9, 20.7. IR (KBr): mmax: 3410,
3019, 2955, 1738, 1603, 1490, 1371, 1246, 1046, 813,
757 cm�1. FAB: Mass: 383 M,þ 368, 340, 327, 289, 265,
239, 224, 219, 191, 165. HRMS calcd for C16H18BrNO5:
383.0368. Found: 383.0373.
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